Objective: To evaluate the case-based measles surveillance system in Kaduna State of Nigeria and identify gaps in its operation.
Introduction
Measles is an acute viral infectious disease and an important cause of childhood morbidity and mortality [1] [2] [3] [4] [5] . In 2010, the estimated annual measles incidence aggregated across all countries was 1.6 cases per 1000, resulting in about 139,000 deaths globally [6] . In Africa, about 13 million cases, 650,000 deaths occur annually, with sub-Saharan Africa having the highest morbidity and mortality [7, 8] .
Measles is endemic in Nigeria and exhibits a seasonal pattern with increasing incidence during the dry season (November to May). The severity of this disease is higher in the northern part of Nigeria [9] , due to the inadequate utilization of measles control strategies [6] . Outbreaks occur due to the high birth cohort, sub-optimal immunization coverage and the wide interval between follow-up campaigns, resulting in the accumulation of large numbers of susceptibles [10, 11] . The burden of measles in Nigeria prior to the introduction of the accelerated measles control strategy in 2005 was high. For instance, in 1985, 3.6 million cases resulting in 108, 000 deaths were reported [12] . Following the implementation of the measles catch-up Supplementary Immunization Activities (SIAs) in 2005, there was a significant reduction in measles morbidity and mortality [10] . However, the post implementation phase of this strategy witnessed a non-linear increase in measles incidence [13] . Thus in 2006, 383 measles cases were reported in children less than 15 years (Annual Incidence Rate [AIR]: 0.6 cases /100,000 children). In 2007, it increased to 2,542 cases (AIR: 3.6 cases/100,000 children). A breakdown of cases in 2007, showed 62% to be aged between 1-4 years, and 23% aged between 5-14 years. In 2008, there was a further increase to 9,510 cases (AIR: 13.4 cases/100,000 children). By 2011, the number of measles cases had risen to 17,248 (AIR: 18.2 cases/100,000 children) [8] . Most of the cases occurred predominantly among younger children [6] .
Despite high administrative estimates of measles vaccine coverage (>99%) at first (routine) dose and during SIAs in Nigeria, outbreaks continue to occur [6, 8, 14] . About 30, 194, 254 and 169 measles outbreaks were reported in 2006, 2007, 2008 and 2009 respectively [11] . Furthermore, between epidemiological week 1 to 43 of 2013, 643 outbreaks were confirmed in 83% of the 774 LGAs of this country [15] with Kebbi and Kaduna States in northern Nigeria recording a significant proportion of these outbreaks [8, 10] .
Inadequate surveillance and response capacity in any country can endanger its population. Unfortunately, developing countries, where there is the greatest risk for outbreaks, often lack the capacity to promptly detect and adequately respond to these outbreaks [16] . In Nigeria, findings had shown that most of the measles outbreaks were detected too late resulting in either no or late response with minimal impact [17] . The frequent measles outbreaks in Kaduna State prompted the need to evaluate the measles case-based surveillance system attributes and identify gaps in its operation. 
Surveillance evaluation methods
We adapted the 2001 updated CDC guidelines on surveillance evaluation [19] and the Framework for Evaluating Public Health Surveillance Systems for Early Detection of Outbreaks [20] and employed both qualitative and quantitative methods to describe and evaluate the system. Stakeholders from the Kaduna State Primary Health Care Agency (KSPHCA) and Local Government Disease Surveillance Notification officers (LDSNO) were interviewed to assess their views on the usefulness and acceptability of the system. A retrospective record review of the measles case-based surveillance data from 2010-2012 was carried out and data abstracted and analysed to determine the Positive Predictive Value (PPV) of confirmed cases [calculated as the proportion of laboratory confirmed cases {true measles cases} among clinically diagnosed cases]. We assessed data quality by determining the proportion of complete weekly reports that got to the state by close of work (4.00pm) of Tuesday of the reporting week. The representativeness of the system was assessed by calculating the proportion of health facilities that actually report. The date of specimen collection, date of arrival at the laboratory, specimen condition on arrival, date of release of results, and Measles and Rubella IgM results were reviewed. The Proportions and rates calculated were compared with the WHO (2004) [21] recommended performance indicators to determine the quality and effectiveness of measles surveillance system. Case and laboratory based weekly surveillance data from all the reporting focal sites (188 health facilities) were used to assess some of the system attributes.
The Standard case definition of measles was adopted to include: Suspected measles case: Any person with fever (≥38 0 C) and maculopapular (non-vesicular) generalized rash with cough, coryza or conjunctivitis (red eyes) OR any person in whom a clinician suspects measles.
Epidemiologically linked case:
A case whose blood was not collected for laboratory investigation but had contact with another case who was laboratory confirmed and is either a family member/school mate/neighbor/playmate or who had in the preceding 2weeks being to an area where a measles outbreak had been declared. 
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Ethical consideration: Permission to conduct the study was obtained from the Executive Secretary KSPHCA. Names of patients and addresses were omitted from the analysis.
Results

Surveillance system description
The measles surveillance system is a passive, case-based system that is operated by trained personnel's; Doctors, Disease Surveillance Notification Officers {DSNOs}, Laboratorians, Nurses, Community Health Extension Workers and Environmental Health Officers. Measles, being an epidemic prone disease, is reported within the context of the IDSR on a weekly basis. At health facility level, data collection is done using three [3] data collection instruments: Case Investigation Form[CIF] (001A), laboratory form (001B) and the linelist form (001C). In Kaduna State, case based information on every suspected case is inputted into the CIF, blood sample collected and laboratory information inputted into form 001B and sent to the measles reference laboratory at Yusuf Dansoho memorial hospital for confirmation [using IgM antibody ELISA]. Measles negative samples are further tested for Rubella. If the number of confirmed measles cases exceeds three [3] in any catchment area or health facility in one month, an outbreak is declared and all suspected cases are then line-listed at health facility level.
In Kaduna State, one hundred and eighty eight (188) health facilities from a total of 1,720 health facilities (10.9%) report case based information on epidemic prone diseases on a weekly basis to the LGA level. These reports are collated by the LDSNO before the close of work on a Monday of each week and forwarded to the State epidemiologist before the close of work on Tuesday of the same week. The State epidemiologist forwards all aggregated reports from the LGAs to the national level (surveillance department) on or before close of work on Wednesday of the same week. At the State level, a copy of the surveillance database is shared with the Kaduna office of the World Health Organization (WHO). Feedback on the final case classification is given to the LDSNO and the reporting facility through the same channel used for reporting (Figure 1) .
Usefulness:
The analysis and interpretation of the surveillance data in the years under review showed that the surveillance system was able to detect and confirm cases of measles and nonmeasles febrile rash, however the detection of these conditions fell below the WHO recommended targets in 2011 and 2012 (Table 1) .
Timeliness: Timeliness of reporting was assessed by the proportion of weekly reports from the LDSNO that gets to the State DSNO on or before 4pm (Close of work) on Tuesday of the reporting week. In 2010 and 2011, nineteen [19] LGAs [83%] had timely reports above 80% (WHO target), while in 2012, 15 LGAs (65%) had timely reports above 80%. In 2011 and 2012, Kargarko and Birnin-Gwari LGAs had the least proportion for timeliness (75% and 39% respectively). LGA that investigated at least one case with blood sample (%) Data Quality: Data quality was assessed by the proportion of complete weekly reports that got to the State by close of work (4.00pm) of Tuesday of the reporting week. In 2010, 80% of the LGAs had complete reports. In 2011, three [3] LGAs (13%) had proportions lower than the 80% recommended target. While in 2012, five [5] LGAs (22%), had proportion lower than the recommended target.
Representativeness:
The Measles surveillance system is operated by different cadre of professionals; Physicians, Nurses, Laboratorians, Environmental Health Officers and Community Health Officers. All the twenty three [23] LGAs are involved in surveillance. One hundred and eighty eight (188) out of one thousand seven hundred and twenty (1,720) health facilities actually report.
Positive Predictive Value:
The Positive Predictive Value for the case based measles surveillance system was 53.9% in 2010, 36.6% in 2011 and 40.2% in 2012 (Table 2) .
Acceptability:
The surveillance system was acceptable to all stakeholders and operators of the surveillance system. This acceptability is reflected in the reporting of suspected cases.
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Stability:
The system is donor driven. WHO provides monthly monetary allowance and logistic support to surveillance officers. In addition, it also provides reagents and laboratory consumables for the measles reference laboratory. 
Discussion
The Measles case-based surveillance system came into effect in Nigeria in 2005 [13] following the successful implementation of the 2005 catch-up Supplemental Immunization Activity (SIA) in northern and southern Nigeria. This surveillance system forms part of the four pronged strategy for the accelerated control of measles in Nigeria. Its main objective is the reduction of measles associated morbidity and mortality. Periodic evaluation of the surveillance system is important in assessing its efficiency and effectiveness and to ascertain if the system is meeting the objective for which it was established.
In the years under review, the surveillance system was associated with a progressive decline in timeliness and completeness of reporting. This same finding had been shown to be consistent in most part of Africa especially where paper based reporting is used [22, 23] . The major challenge with the decline in timeliness is that most outbreak go undetected and when finally detected would have caused a lot of harm [23] . 
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The surveillance system was also shown to have a low PPV. This is reflected in the low annualized detection rate of measles and non-measles febrile rash. Since measles is endemic in Nigeria with a high prevalence [24, 25] , the measles surveillance system having a low PPV implies that the system would not be able to detect cases adequately. The reduced low PPV could be due to low reporting representiveness, as a relatively large number of public health facilities and most private health facilities do not report. Furthermore, the under-reporting associated with this system simply means that the surveillance system cannot predict outbreaks and most outbreaks that occur are undetected.
The evaluation of the laboratory component of the case-based system showed impressive turnaround times between time of onset of rash and the collection of specimen and also reduced times between sample collection and submission in the laboratory. With the exception of 2011, the proportion of LGAs that investigated at least one measles case with blood sample exceeded the WHO target. Also, the proportion of laboratory results made available exceeded WHO recommended target in 2010 and 2012. This finding is a plus on the measles case-based surveillance system as it will ensure the production of timely results.
The system is useful as the data it generated was used to access the performance of the measles control strategies being implemented, for instance, data emanating from the system showed a high incidence of measles in 2010. The incidence rate reduced in 2011 and 2012, but were all above the target limits set for measles elimination [21] . This finding has brought out the need to further strengthen the intervention strategies currently in place to achieve measles control targets.
Conclusion
Even though the performance of the surveillance system was not optimal, most of the major stakeholders found the surveillance system to be useful and acceptable as it was able to detect cases despite its low PPV. The surveillance system also played an important role in assessing the effectiveness of the current measles control strategies. However, the system was discovered to be unstable as it was highly donor dependent for funding and technical support.
Limitation
A major limitation of this study was our inability to determine the sensitivity of the surveillance system as there was no gold standard to compare the surveillance system with.
Recommendation
Public and private healthcare facilities currently not reporting, should be encouraged to report. Since the surveillance system had captured the increased incidence of measles above the recommended target per annum, there is need to further strengthen the accelerated measles control strategies in Kaduna State. Finally, Kaduna State should take complete ownership of the case-based surveillance system and ensure its sustainability by providing funding and logistic support. 
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